
PREPARATION OF TETRACHLORETHYLENE‘ 

BY H. B. WEISER AND G. E. WIGHTMAN 

Tetrachlorethylene was prepared by Faraday2 and by 
Regnault3 by passing CC14 through a heated tube. Regnault 
describes the method as follows: 

“I prepared this chloride of carbon (CZCl4) according 
to Faraday’s method by passing the vapors of carbon tetra- 
chloride through a glass tube filled with fragments of glass 
and heated to redness. A large amount of chlorine is liberated 
and a liquid condensed which is the chloride C2C14, colored 
yellow by the dissolved chlorine. This liquid is far from 
being pure. It contains a large amount of CC1, undecom- 
posed by the action of heat or which is reformed in the cooler 
portions of the apparatus. One can decompose a part of 
the remaining CC1, by passing the materials through the tube 
again and again, but not all of it can be decomposed in this 
way. The liquid is shaken with mercury to absorb the free 
chlorine and is then distilled under a low pressure and as low 
a temperature as possible.” 

Later on, in the same paper, Regnault describes the action 
of heat on CZCl4. 

“This chloride (CC1 or CsCls) was formed incidentally by 
Julin d’Abo in a nitric acid distillation. Faraday and Phillips, 
who analyzed Julin’s product, have tried to reproduce Julin’s 
results but without success. This compound can be secured 
by passing the chloride CZCl4 a great many times through a 
tube heated to a good red heat. In the cooler portions of the 
tube there condenses a substance in very fine needles which 
can be taken up with ether and which can be obtained entirely 
pure by subliming a second time.” 

Published by permission of the Director of the Chemical Warfare 

Faraday: Trans. Roy. Soc., p. 47 (1821). 
Service. 

3Regnault: Ann. Chim. Phys., [z] 70, 107 (1839). 
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~ In a later paper, Regnaultl discusses the effect of varying 
temperature on the decomposition of CC1,. 

“Carbon tetrachloride, when heated, undergoes decom- 
position with a loss of part of its chlorine and gives rise to a 
number of chlorides of carbon, the decomposition of which 
varies with the temperature at  which the decomposition 
takes place. 

“If a tube through which is passed the vapors of CC4, is 
heated to a bright red, the chloride CZCl4 is obtained chiefly. 
After having passed three times in succession a definite amount 
of carbon tetrachloride through a tube filled with particles of 
glass and heated to a red heat, the liquid obtained after dis- 
tilling over mercury to remove the dissolved chlorine showed 
the following composition : 

I . 0 1 2  gms. gave 0 , 5 1 8  gm. corresponding to 1 4 . 1 5  
percent of C (C in C2C14 1 4 . 1 5  percent). 

A determination of the density by Gay-Lussac’s method 
gave the value 5 ,58. 

“The preceding values approach very near to those which 
obtain for CZCl4 so that there is no doubt that the compound 
analyzed was formed almost altogether. 

“If the temperature of the tube is higher some small 
crystals of the chloride of Julin CC1(C6C16) are formed. By 
holding the tube below a red heat, I believe that the chloride 
C&l4 changes to a chloride of carbon, C2C16 isomeric with 
Faraday’s perchloride but with a density a little less. Un- 
fortunately, the experiment was carried out with too small 
amounts of material to study the reaction sufficiently and the 
season was too advanced to enable me to procure a new sup- 
ply of C2Cl4, the preparation of which requires a very intense 
sunlight.” 

Lob2 has shown that when carbon tetrachloride vapor is 
heated by a platinum wire, the first reaction is the splitting off 
of chlorine with the intermediate formation of dichlormethylene 
which is then converted into tetrachlorethylene. Tetrachlor- 

Ann. Chim. Phys., [2]  71, 385 (1839). 
* Zeit. Elektrochemie. 
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ethylene may react with some of the chlorine to form hexa- 
chlorethane or it may be converted into hexachlorbenzene and 
chlorine, presumably with dichloracetylene as an intermediate 
stage. There is usually a certain amount of charring, due 
either to the direct dissociation of carbon tetrachloride into 
carbon and chlorine or to the dissociation of one of the de- 
composition products of carbon tetrachloride. The reactions 
may be written : 

I .  2cc14 = 2cc12 f 2c12 = czc14 + 2c12. 
2. czc14 + Clz = C2Cls. 
3. 3C2C14 = 3CzC12 + 3Clz = C&lB + 3CL. 

The directions given by Regnault are not sufficiently 
explicit to enable one to determine the best conditions for 
obtaining a high yield of C2C14 by decomposing CC4. Ac- 
cordingly, in preparing 50 pounds of C2C14 for research pur- 
poses, it was endeavored to ascertain the best conditions for 
decomposition and condensation of the resulting products, 
with the end in view of securing quantity production of tetra- 
chlorethylene. 

4. cc14 = ? = c + 2c12. 

The work done to date consists of the following stages: 
I. Decomposing CC14 in a quartz tube heated in an 

electric furnace. 
I .  Decomposition as done in the apparatus designed and 

assembled by E. M. James of the Catalytic Unit. 
2 .  Decomposition, using electric furnace ; condenser with 

inner and outer cooling system. 
3. Decomposition, using electric furnace ; iron condenser 

with inner and outer cooling system; NaOH in the receiver 
for the distillate. 

11. Decomposing CC14 in a quartz tube in a brick furnace 
heated with illuminating gas. 

I .  Quartz tube; iron condenser; quartz to wood joint. 
2 .  Quartz tube embedded in fire clay within iron pipe; 

3. Double length of quartz tube; same assembly as I1 ( 2 ) .  

4. Single length of quartz tube; exit of tube within the 

iron to iron joint with a union. 

furnace ; longer inner iron condenser. 
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111. Decomposition in a quartz tube, heated electrically 
by means of nichrome wire wound on tube and covered with 
heat insulator. 

I .  Quartz to iron joint, using a packing gland. 
2. Same assembly as I11 (I)  with a COZ-ether bath 

at  -75' C around a condenser in the chlorine stream. 
3. Same assembly as I11 ( 2 )  with a COz-ether bath 

at -30' C to -35' C around the receiver. 
4. Same assembly as I11 (I), with a scrubbing tower and 

a COz-ether bath at  - 7 5 O  C interposed in the chlorine stream 
beyond the scrubbing tower. 

5 .  Quartz to iron joint, using a packing gland, with an 
upright condenser of iron. 

I ( I ) .  The first run was made in the apparatus designed 
and assembled by E. M. James. The purpose of this run was 
to become familiar with the technique of the operation and 
the general behavior of the reaction. Carbon tetrachloride 
was distilled into a horizontal quartz tube, filled with broken 
quartz and pumice and kept a t  about 800' in a tube furnace. 
It was evident from the first run that the main difficulty lay 
in the clogging of the apparatus by a solid, assumed to be 
CZCl,. Evidently, too great a time elapsed between the 
time the gases issued from the furnace and the time these same 
gases entered the condenser. In other words, the cooling was 
sufficiently gradual to allow the reactions expressed above to 
proceed in the reverse direction, resulting in the formation of 
CzCls. It seemed the obvious thing, therefore, to shorten 
the distance between the point of outlet of the gases from 
the furnace and the point of their entry into the condenser. 
It was further thought that if one could secure a sufficiently 
sudden cooling from the temperature of the furnace to the 
temperature of the condenser, the unsaturated compound 
would not have time to pick up chlorine to form the saturated 
compound GCle, as shown above. A new type of condenser 
was designed, therefore, to meet these requirements. 

I (2). The new condenser, referred to, consisted of a pyrex 
tube about I .5  inches in diameter, into which was inserted a 
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smaller Pyrex tube 0.5 inch in diameter and closed at  one end. 
The quartz tube was connected with the outer condenser by 
means of a rubber stopper through which passed the inner 
Pyrex tube. The glass tube assembly passed through the 
ends of a tin box through cork stoppers. The space in the 
tin box around the glass assembly was filled with cracked ice 
and salt. Water was passed into the inner smaller tube. In 
this manner a condenser was secured which gave inner and 
outer coooling. In addition there was not more than two 
inches between the point at which the gases issued from the 
furnace and the point at which these gases met a surface 
at  the temperature of tap water. The time consumed by the 
gases in covering these two inches of space was further re- 
duced by constricting the end of the quartz tube to a inch 
opening. The issuing gases were thereby literally shot against 
the end of the cold tube at  a fairly high velocity. 

Before starting the runs in this assembly, it was decided 
to determine whether or not an iron condenser instead of glass 
would stand up under the chlorine, inasmuch as glass would 
be impracticable in a commercial process, due to its fragility 
and its comparatively poor conductivity of heat, as compared 
with metal. Before beginning the first run therefore, a small 
iron pipe plug was placed in the outer glass condenser at the 
end of the inner condenser and immediately in the path of 
the gases issuing from the furnace, i. e . ,  in the chlorine stream. 
The plug was left in this position during three runs, and when 
it was examined there were no visible evidences of corrosion. 
This showed the feasibility of using an iron condenser in the 
presence of dry chlorine. 

The results of the three runs made in this apparatus 
showed no deposits of any account in the condenser or in the 
train employed to carry the chlorine evolved to the outside 
air. This was an improvement over the apparatus described 
in I ( I ) ,  in which clogging with solid was a constant source of 
delay and annoyance. The distillate from three runs was col- 
lected in one receiver and was allowed to stand 24 hours. 
During the course of the day following the runs, the receiver 
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was removed from the ice-salt bath and was placed on the desk 
top. After several hours the cork stopper was blown out with 
great violence and on investigation it was found that the flask 
was too hot to handle with comfort. Copious fumes of chlorine 
were evolved, with effervescence of the contents of the flask. 
This indicated that the distillate contained dissolved chlorine, 
and at the temperature of the room, reaction was taking place 
between the unsaturated compound and the chlorine. When 
the distillate was treated with NaOH to neutralize the chlorine, 
washed with water, dried with CaClz and distilled, it gave a 
yield of only 46 percent and a considerable amount of solid 
(presumably C2C16). This suggested the possibility of im- 
proving the yield by removing the chlorine from the distillate 
immediately upon its entry into the receiver. To accomplish 
this it was proposed to place about a liter of I : I NaOH 
therein, before commencing the run. 

I (3). A new condenser was now built consisting of a 
0.75 inch iron pipe passing through a threaded cap on the 
lower end of I . 5  inch iron pipe closed with a 0 . 7 5  inch cap 
at the upper end. The iron pipe assembly was partially 
enclosed in a water-tight wooden box. The quartz tube 
was connected to the iron pipe by means of an asbestos- 
sodium silicate joint. 

In the two subsequent runs made in this apparatus, 
solutions of I :  I and I :  IO NaOH, respectively, were used 
in the receiver. When the first run was complete the dis- 
tillate seemed lost in a yeasty-looking mass from which 
no smell of chlorine was obtained. When water was added 
and the mass shaken, the yeasty character disappeared and a 
2-layer system was formed with the alkali in the upper layer. 
In this run the rate of passing the vapors through the furnace 
was very rapid, being 2 liters per hour. There was no C%C16 
after the distillation was complete. The yield of CzC14, 
however, was small, being only about 31 percent. It was 
thought that the speed at  which the vapors were passed through 
the furnace allowed too short a time for the CCt  to be suffi- 
ciently decomposed. 
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, 
In the second run a I :  IO solution of NaOH was 

used in the receiver and the rate of passing the vapors of CC& 
was reduced to I liter per hour. At the end of the run, when 
the receiver was disconnected, a strong evolution of chlorine 
was observed, thus showing the employment of too weak a solu- 
tion of alkali. There was no solid formed, however, a t  the 
end of the distillation, and a yield of 53 percent indicated the 
efficacy of longer submission of the CC4  vapors to heating 
in the furnace. 

In the run just described, an attempt was made to de- 
termine the temperature maintained in the furnace. A pyro- 
voltmeter was used with a Pt-Rh couple. The couple was 
placed in a quartz tube of small bore, and this tube was placed 
in the quartz tube of the reaction furnace. When no vapors 
were passing through the tube the temperature remained 
about goo0 C and when the vapors were passing the tempera- 
ture registered was about 750' C. 

At this point in the investigation serious trouble began 
to  develop due to an imperfect joint between the quartz and 
the iron. Quantities of chlorine escaped into the room and 
into the furnace, which was ruined by the gas attacking the 
hot nichrome wires and disintegrating them thus destroying 
the circuit. The ruined units of the furnace were replaced and 
the whole apparatus moved outside where one or two more 
runs were made. In these runs the rate of passage of the 
CC14 vapors through the furnace was still further reduced by 
filling the tube with quartz which was more finely broken 
than that employed in the previous runs. This made a more 
compact mass through which the gases had to pass. The re- 
distilled distillate showed an increase of about 15 percent in the 
volume of C2C14 produced and there was also a great increase 
in the amount of the C2Cls, so that the net increase in the yield 
was only about 3 percent. 

The work up to this time seemed to indicate: 
I .  That a temperature of goo0 C to 1000' C is conducive 

to good decomposition. 
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2. That a slow rate of passing of the vapors of CCl, 
tends to increase the decomposition desired. 

3. That the greater the concentration of Clz and CZCl4 
in the furnace the greater the tendency to form C2Cls. 

4. That in order to keep the apparatus as thus far de- 
signed from clogging with Cd&, enough undecomposed CCl, 
must pass through to dissolve out the solid and keep the tube 
open. 

5 .  That there is a balance between the amount of de- 
composition and the speed of passage of the gas, that makes 
for the easiest operation and the best yields. 

6. That there is a definite concentration of Clz, C2C14 
and cc4 beyond which one cannot work efficiently unless C12 
be removed from the sphere of the reaction. 

I1 (I). The next stage in the development of the work 
consisted in endeavoring to use the illuminating gas flame to 
accomplish the heating of the furnace. It was also attempted 
to design a different type of joint between the quartz tube and 
the iron condenser. The first attempt was made using a 
bare quartz tube in a brick furnace, and employing a quartz 
to wood joint. 

The furnace was built of one thickness of 8 inch X 4 
inch X 2 inch fire brick set on edge. The baffle plates were 
four in number, placed alternately in the furnace. The fur- 
nace was maintained at  a cherry-red heat by the use of two 
blast lamps. On attempting to make a run, the heat of the 
gases issuing from the furnace was such that the wood charred 
beneath the asbestos-sodium-silicate cement and shrank 
away from the tube, thus liberating clouds of gas. The 
joint was thus an instant and complete failure. 

I1 (2). The next trial was made with an iron to iron 
joint, the quartz tube being embedded in fire clay within an 
iron jacket. The fire clay was made of sticky consistency, 
a I .5  inch pipe was filled with it and the quartz tube was 
forced down therein. After clearing the mud from the in- 
terior of the latter the whole was baked in a slow flame. The 
iron-jacketed assembly was then joined to the condenser as- 
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sembly by means of a I .  5 inch union with a lead washer. 
The same kind of brick furnace was employed as described 
in I1 (I). 

The vapors 
were passed through quite rapidly, as there seemed to be a 
tendency for the apparatus to clog up, as shown by the height 
of liquid in the pressure column. The results of both runs 
were somewhat disappointing, being 56 percent and 59 per- 
cent, respectively. It was thought that the reason for the 
comparatively low yields was to be found in the rapid rate 
of distilling the vapors through the furnace. After the first 
run a leak developed around the union. The assembly was 
dismantled and the union was soldered to the iron pipe. This 
effectively stopped all leakage. On dismantling the apparatus 
it was found that the fire clay in the union had become sodden 
with the condensed vapors from the furnace. This caused a 
muddy mass which flowed into the narrow portion of the chan- 
nel, and this accounted for the stoppage and the building up 
of the pressure mentioned above. 

I1 (3). The next development consisted in increasing 
the length of the furnace. The only stock of quartz tube 
available was of a maximum length of 30 inches. Accordingly, 
two tubes were embedded end to end in fire clay within an iron 
pipe as described above. A longer brick furnace was necessary. 
This was made, in the main, similar to the original brick fur- 
nace, the only difference being the construction of four ports 
for blast lamps, one lamp for each baffle chamber, and the 
putting of the outlet for the flue gases at the in-take end of the 
furnace. By this means the principle of counter flow was em- 
ployed, in the hope that a more uniform temperature might 
be secured within the reaction chamber where decomposition 
was to occur. 

When the first run was made in this assembly several 
things were at  once apparent. 

I. Copious clouds of vapor, strongly tinged with yellow, 
filled the receiver (a Io-gallon carboy) showing a much higher 

Two runs were made with this assembly. 
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chlorine concentration than had been formerly obtained, and 
hence a better decomposition of CC4. 

2. In addition to the yellow tinge there was a strong tinge 
of reddish brown, probably ferric chloride. This suggested 
the possibility of the chlorine getting in contact with the hot 
iron, as it was shown in I ( 2 )  that cold iron is not appreciably 
attacked by chlorine. This reaction was probably taking 
place at the point of union of the two quartz tubes within the 
iron jacket. It was presumed that some of the fire clay had 
oozed through the joint into the channel of the tubes, thus 
falling away from the iron wall and leaving it exposed. This 
supposition was subsequently confirmed. 

3 .  There was a constant tendency for the tube to clog. On 
opening the condenser there was invariably found a muddy 
sludge which completely blocked the outlet. This was thought 
to be solid chloride of iron, mixed with CC14, C2C14 and c2c16. 

Though three runs were made in this assembly, the diffi- 
culty of securing continuous operation was such that complete 
data were obtained in only one run. It was evident from these 
data, however, that a very material improvement in the de- 
composition had been obtained. The ultimate yield was poor 
due to the formation of very large amounts of CZCl6, again 
bearing out the theory of balance between amount of decom- 
position and rate of distillation. It might be possible, how- 
ever that a more efficient method of instantly chilling the 
gases issuing from the furnace would obviate the difficulty 
due to the formation of CZc16. During the third run, the iron 
jacket in the furnace burned through at the point of union 
of the two quartz tubes and clouds of chlorine poured forth. 

I1 (4). The next modification was an assembly differing 
from that described in I1 (3) only in the point at which the 
quartz tube ended. It was planned to have the hot gases 
emerge at a point just beyond the sphere of active heating in 
the furnace, and it was further planned to accomplish chilling 
of these gases immediately at  this point, by extending the 
inner tube of the condenser through the union and on into the 
brick furnace. By this means, gases at furnace heat would 
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be made to impinge upon a surface at the temperature of tap 
water, without any time being allowed for the interaction be- 
tween chlorine and CZCl4. 

This run began splendidly, but unfortunately the end of 
the quartz tube was a little too far within the furnace. About 
an inch of the iron pipe jacket was left exposed to the direct 
action of the gas flame and this portion of the tube burned 
through under the action of the chlorine within two hours. 
It is assumed that the assembly would give good results if 
the quartz tube ended at a point just within the brick wall 
of the furnace, in such a manner that the chlorine would be 
unable to reach any portion of the iron tube heated directly 
by the gas flame. It is thought that the temperature of the 
iron would not be sufficiently high at  such a point to cause 
any troublesome reactions between the chlorine and the iron. 
It was now decided to abandon this type of heating, and the 
type of quartz to iron joint. 

I11 (I ) .  The investigations up to this point revealed the 
fact that too little was known concerning the temperatures 
at which the most efficient operation could be secured. The 
mode of heating by gas did not lend itself to a ready means 
of varying the temperature. In addition it was felt that the 
method of joining the quartz to the iron had not proved satis- 
factory. Since the electric current lends itself to very ready 
control through the medium of suitable resistance, it was de- 
cided to employ electrical heating. A new kind of joint 
was suggested that seemed very feasible. These new features 
will now be described. 

The joint employed was in effect an ordinary stuffing 
box usually found on machines to produce a joint with the 
minimum of leakage around a moving part. Although this 
type of joint was suggested at the beginning of the investiga- 
tions, it had never been attempted because it was felt that 
the extremely brittle character of the quartz tube would not 
permit the degree of compression incident upon using a packing 
gland. The joint in question has solved the difficulty beyond 
question, as all the succeeding runs in the investigation were 
made without the suspicion of a leak. 
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After the quartz tube was joined to the condenser 
the tube was wound with four lengths of number IO nichrome 
wire, each length being 8 feet long. Each length of wire 
formed a heating unit. All four units were connected in 
parallel in a IIO D. C. circuit. A resistance and an ammeter 
were placed in series in the circuit. 

In the first furnace thus constructed, a thin sheet of 
asbestos paper was wrapped on the quartz tube and the ni- 
chrome wire was wound thereon. In this manner the wire 
was prevented from slipping, short-circuiting being thus 
avoided. The spaces between the coils of the winding were 
filled in with coils of 0 . 2 5  inch hard asbestos cord. The 
nichrome-asbestos cord winding was then covered with 0 . 2 5  

inch of alundum cement for insulation purposes. When the 
connections were made and the tube was carefully heated, 
the alundum baked to a very hard protective coating. A 
current of 20 amperes heated the tube to a bright cherry-red 
heat. After heating for a period of three or four hours, how- 
ever, the ammeter failed to register the current, and on in- 
vestigation it was found that the nichrome wire had failed 
under the high temperature. 

In the next furnace, a heavy cardboard wrapping of as- 
bestos was placed next to the quartz tube, and only three units 
of 8-foot lengths of wire were employed. The spacing of 
the coils was increased from l/z inch as in the first furnace 
to 1/4 inch. In 
this furnace the asbestos board on which the wire was wrapped 
proved itself such a good insulator that the interior of the 
quartz tube failed even to glow. 

Another furnace was constructed in which the wire was 
wound directly upon the bare quartz tube, the winding being 
covered with alundum cement as formerly. Two units of 12- 

foot lengths of wire were used and a current of IO to 12 am- 
peres. As in the first case, the interior of the furnace heated 
to a bright glow, but the nichrome wire again failed under 
the heat. 

It was now evident that a heavier nichrome wire must 

. 

A current of about 12 amperes was used. 
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be employed. A number 18 wire was secured and a single 
unit of 12-foot length was wrapped upon the bare tube with 
approximately 0.5 inch spacing of coils. The tube was thus 
wrapped close to the packing gland at one end and to within 
three inches of the intake end. The alundum cement supply 
had become exhausted, so no insulator was baked on the tube 
as formerly. Instead, the tube and wire were wrapped with 
three layers of soft 0 .5  inch asbestos rope ordinarily used for 
packing. This proved the best insulation thus far employed 
and the furnace stood up for a considerable number of runs. 
Eventually, however, the wire burned out, and on the removal 
of the wrappings of asbestos, it was found that a slight cor- 
rosion seemed to have occurred in the wire an inch or so on 
each side of the point at which it had burned out. It was 
suggested that the iron in the asbestos had become alloyed 
with the nichrome wire, thus causing it to fail more readily. 
In order to protect the wire from this possible source of trou- 
ble, the wire was coated with '/4 inch of plaster of Paris, 
which was thoroughly dried out by gentle heating. The as- 
bestos rope was wrapped thereon. This type of furnace 
lasted through the rest of the runs made in the investigation 
and proved highly satisfactory. 

The 
current and the rate of distillation of the CCl, were varied 
at  will and at  the date of writing a yield of gz percent on the 
basis of the amount of CCl, decomposed, has been obtained. 
By employing a current sufficient to give a temperature of 
1200' to 1300' (with no vapors of CC1, passing through the 
tube) and by distilling at a rate of about I liter per hour, a 
decomposition of 76.4  percent resulted. 

I11 (2). Up to this point in the work the method of 
computing the yield was as follows: The volume of CCL 
put through the furnace was noted. The distillate was re- 
distilled and the amount of CCl, recovered was subtracted 
from the volume put through the furnace. The difference 
represents the amount of CCl, decomposed. The theoretical 
amount of CzC4 obtainable from this amount of CCl, was 

In the apparatus just described, 16 runs were made. 
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computed and the amount actually obtainable from this 
amount of Cc4  was computed and the amount actually ob- 
tained was expressed as a fraction of the theoretical yield. 
A little consideration will reveal the fact that the difference 
between the actual and the theoretical yield ought to repre- 
sent the amount of Cd216 or such other chlorides of carbon 
as may be formed in the reaction and which ought to be left 
as a residue in the distilling flask at the end of the distillation 
of the products of decomposition. Inasmuch as the residue 
left in the flask (usually called C2Cl6) in the majority of runs 
made in the furnace described in I11 ( I )  did not exceed 2 

percent by volume of the amount of CC1, passed through the 
furnace, it seemed clear that some loss was occurring. Since 
there were no leaks in the system that could be detected, and 
since the furnace did not clog up run after run, thus indica- 
ting that there was no loss due to carbonization or poly- 
merization in the furnace, it seemed very probable that the 
vapors of CC4, CzC14, and possibly C2C16, were being carried 
out in the chlorine stream which was sent up the ventilating 
flue. It was now decided to liquefy the chlorine stream and 
determine the loss if any. 

The chlorine and the vapors escaping from the receiver 
were led into a receiver surrounded with a C02-ether bath at  
-75 O to -80". After a run was complete the liquid chlorine 
was allowed to boil off at room temperature and the redistilled 
chlorine was again liquefied. In this manner it was found 
that 150 cc of liquid smelling strongly of CCL went over in 
the chlorine stream. 

I11 (3). The question now arose as to whether or not those 
volatile vapors could be stopped in the receiver attached to 
the furnace-condenser assembly. To determine this point, 
the receiver in question was surrounded by a bath at  such a 
temperature that the volatile products in question would not 
vaporize, and the chlorine would not liquefy. By this means 
it was hoped to secure a separation of the vapors, formerly 
lost, from the chlorine which had carried them off. The tem- 
perature employed in the distillate receiver was -30' to -35 O 
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C, obtained by COz and ether. When the liquid chlorine 
was redistilled, not more than three or four cubic centimeters 
of liquid remained, thus showing that most of the vapors 
that were formerly lost might have been retained by a more 
efficient system of condensation. 

I11 (4). Since the employment of COZ and ether as a 
cooling medium would be impracticable on a commercial 
scale, it  was decided to try if the vapors suspended in the 
chlorine stream could be removed by means of a scrubbing 
device. The delivery tube from the condenser was tapped to 
allow the passage of chlorine directly into the tower instead 
of through the receiver as in the former runs. A trap was inter- 
posed outside the receiver to divert the chlorine, and by a 
by-pass from the receiver to the main stream provided for 
the escape of the chlorine dissolved in the distillate. The 
amount of water passing through the scrubbing tower was 
regulated by the manipulation of the cock on the water line. 
A COz-ether bath was placed in the line beyond the scrub- 
bing tower to condense the chlorine as heretofore described. 

When this run was complete, 2 0  cc of liquid smelling 
strongly of CC1, were obtained from the flask from which the 
liquefied chlorine was redistilled. This showed that this 
type of scrubber was unsatisfactory. 

The resistance to the free passage of the gas caused by 
the interposition of the scrubbing tower, bubblers, etc., was 
sufficient to cause a virtual stopping up of the furnace. Just 
at the end of the run the pressure was sufficient to cause the 
quartz tube of the furnace to explode with violence, thus 
ruining the furnace for further use. 

I11 ( 5 ) .  An attempt was now made to improve the con- 
denser, in the hope that something could be devised which 
would permit of a faster rate of distillation of CC1, and at 
the same time condense the finely divided material which was 
carried out in the chlorine stream as described above. It 
was thought that if the vapors after emerging from the fur- 
nace could be made to slow down, time would be given them 
t o  condense, provided there were a sufficient amount of cold 
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condensing surface. To accomplish these ends, a condenser, 
in principle identical with that already employed but differ- 
ing in size and arrangement, was designed. The outer con- 
denser, which was formerly a I'/Z inch pipe, was changed to a 
6 inch pipe. The inner condenser which was formerly a 
3/4 inch pipe was changed to a bundle of '/* inch pipes 
connected with return bends. The interior of the 6 inch pipe 
was thereby filled with a considerable amount of condensing 
surface. The condenser was longer than that formerly em- 
ployed. 

When this apparatus was set up and the water was passed 
through the inner condenser coils, a leak developed as was 
shown by the drip out of the delivery pipe. This meant that 
the surface of the condenser was moist and as chlorine attacks 
moist iron, the apparatus was impossible for continuous use. 
One run was made, however, but the data were not complete 
enough to warrant an opinion as to the efficiency of the ap- 
paratus. 

Inasmuch as this investigation was concerned mainly 
with temperature and rate of distillation of CCld it was thought 
that it would be advantageous to assemble the data in tables 
in order that one might compare the results side by side. Ac- 
cordingly, four tables have been prepared. In Table I are 
given the data as secured. In Tables I1 to IV, inclusive, the 
data are given as they would appear if the runs had been 
made with IOO cc volumes of CCla in the distilling flask. 

Before passing to a study of the data, a sample computa- 
tion of the yield will be given. For this purpose the data of 
any run may be taken. 

RUNNO. 15 (TABLE IV) 

Compound I Mol. Weight I Sp. Gravity 
I I 

CCl, I .58 
czc14 165.81 I .61 I 
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2cc14 + c&14 + 2c12 
307.68 -+- 165.81 
307.68 : 165.81 = Weight of CCI4 : Weight of CzC14 

G X - - 

0.539 G (165.81)G 
307.68 x =  

G = (Vol. cc14 X I .  58) gms. 
X 0.539 x I .58 x VOl. Cc14 

Czc14 x IO0 
X percent yield = Weight 

E 189 x L3 = 58.1. 
43.3 

As explained earlier in this report, the investigations 

I .  In a quartz tube heated in an electric combustion fur- 

2. In a quartz tube heated in a gas furnace. 
3. In a quartz tube wound with nichrome wire heated 

electrically . 
The data for the runs made in each type of furnace ap- 

pears in Tables 11, 111, and IV, respectively. 
Runs 1-3 were made in an electric combustion furnace, 

runs 4-6 in a gas furnace, and runs 7-23 with nichrome wire , 

on tube. 
In run 2 0  no NaOH was used in receiver and distillate ’ 

was allowed to remain over night in contact with chlorine 
dissolved in it. 

Average rate of passing CCl, vapors through the furnace 
2 0 . 5  cc per minute. 

Average percent yield-43 . I percent. 

were carried out. 

nace. 

This accounts for high yield of C2Cle. 
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- - 

Run 
No. 
- 

I 
2 

3 
4 
5 
6 
7 
8 
9 
IO 
I1 
I2 
I3 
I4 
I5 
16 
I7 
I8 
I9 
2 0  
21 
22 

23 

Run Vol. 2:; Approx. cz:l' 
No. CCI4 mm. Temp. c o , ~ r ~ -  

I IOO 25 goo 23.5 
2 IOO 17.8 900 31.8 
3 IOO , 18.9 goo 32.7 

----- 

- - 
Vel. 
cc14 
- 

2000 
4000 
4155 
2700 

2550 
2500 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 
3000 

I500 
1500 
I500 

1000 

Vol. cc14 Vol. 
decomp. CzCl4 

76. j 18.5 
68.2 11.3 
67.3 19.0 

H. B. Weiser awd G. E.  Wightman 

VOl. 
CzC14 

TAB 

Time 
Min. 

- - 

- 
80 

2 2 5  
240 
I95 
10.5 
125 

105 
IO0 

I20 
220 
80 
I35 

225 
I 60 
130 
185 
230 

I 60 
75 
90 
75 

I20 

2 1 0  

Vol. 
CzC16 

s I. DATA AS ACTUA 

Vol. Rate in Approx. 
CCL cc/min. Temp. 

I O ~  13.7 1000 
IOO 26.2 1000 
IO0 20 1000 

- - 
Temp 
lppror 
- 
900 
900 
900 
1000 
1000 
1000 
I 150 
1150 
1150 
1150 
I050 
I O 5 0  
I050 
IOjO 
I050 
I050 
I050 
I200 
I200 
I200 
I 300 
'325 
I 300 

Vol' Vol. CC14 c"6,',::$- decomp. 

33.7 66.3 
21.8 78.2 

-- 

22 78 

- - 
Vol. 

!Cl4 re 
overec 
- 

470 
I275 
1360 
910 
600 
5 50 

I 664 
I635 
1500 
I675 
2 0 5 0  

I675 
I 400 
I050 
1700 
I800 

950 

1155 
520 
355 
660 

I200 

I IO0 

Vol. CC14 
decom- 
posed 

I530 
2725 
2795 
I790 
2150 
I950 
I336 
I365 
1500 
I325 
950 
'325 
I 600 
I950 
1300 

I 800 
20 jo 
I goo 
I845 
980 
1145 
840 

I200 

.Y SECURED 

VOl. 
CaCh 

3 7 0  
450 
790 
535 
700 
460 
330 
430 
445 
400 
275 
500 
500 
675 
400 
390 
585 
800 
820 
375 
400 
560 
320 

VOl. 
CzCh 

I55 

I5 
55 
45 
35 

IO 

IO 
IO 
IO 
150 
I5 
I5 
50 
200 
20 

5 

25 
30 

700 

25 

20 

20 

2 0  

Percent 
Yield 

45.7 
31.3 
58.3 
56.5 

44.6 
46.7 
59.4 
56.0 
57.0 
54.9 
71.5 
59.2 
65.4 
58. I 
61.5 
61.4 
74.0 
81.6 
38.4 
7 7 . 3  
92.4 
71.9 

61.4 

TABLE 11. DATA OF RUNS MADE IN ELECTRIC COMBUSTION 
FURNACE 

- - 
Run 
No. 

4 
5 
6 

C2Cls Yield 
vol' 1 Percent 

I 

HEATED BY GAS 

I- 

Percent 
Yield 

56.6 
61.4 
44.6 



Preparation of Tetrachlorethylene 43 3 

Heated in a gas furnace. 
Average rate of passing CCll vapors through the furnace 

Average percent yield-55 . 8  percent. 
19 .97  cc per minute. 

TABLE Iv. DATA OF RUNS MADE Ili FURNACE WOUND WITH 
NICHROME WIRE AND HEATED ELECTRICALLY 

- - 

Run 
No. 

7 
8 
9 

I O  
I 1  
I 2  

I3 
I4 
I5 
16 
I7  
18 
'9 
2 0  
21  
22  

23 

- - 
Vel. 
cc14 

IO0 
I O 0  
IO0 
IO0 
I O 0  
I O 0  
IO0 
I O 0  
IO0 
IO0 
I O 0  
I O 0  
I O 0  
IO0 
I O 0  
I O 0  
IO0 

Rate in 
cc/min. 

30 
28.6 
25 
13.7 
37.5 
22.5 
25 
13.5 
18.9 
23.6 
16.2 
I3 
14.3 
18.9 

16.7 
2 0  

2 0  

I 150 
I 150 
I 150 
I 150 
1050 
1050 
1050 
I050 
I050 
1050 
I050 
I200 
I200 
I200 
1300 
I325 
1300 

Vol. 
!Cld re- 
overed 

55.5 
54.5 
50 
55.8 
68.3 
55.8 
46.7 
35 
56.7 
60 
40 
31.7 
36.7 
38.5 
34.7 
23.7 
44 

dol. cc14 
decornp. 

44.5 
45.5 
50 
44.2 
31.7 
44.2 
53.3 
65 
43.3 
40 
60 
68.3 
63.3 
61.8 
65.3 
76.3 
56 

I 1  

14.3 
14.8 
13.3 
9.2 

16.7 
16.7 
22.5 
13.3 
I 3  
19.5 
26.7 
27.3 
12.5 
26.7 
37.3 
21.3 

- - 
Vol. 
2nCle 

Percent 
Yield 

46.7 
59.4 
56 
57 
54.9 
71 .5  
59.2 
65.4 
58. I 
61.5 
61.4 
74 
81.6 
38.4 
77.3 
92.4 
71.9 

In run No. 20 the distillate was left over night without 
This ac- 

A study of the above tables shows the following average 

neutralizing the chlorine dissolved in the distillate. 
counts for the high yield of C2Cls. 

yields according to the temperature : 

43. I percent 
1000-IIOOO (Runs 4-6, 11-17) 59.2 percent 
1100-1200~  (Runs 7-10, 18-19) 63.5 percent 
1200-1300' (Runs 21-23) 80.5 percent 

goo-IOOO' (Runs 1-3) 

In computing these averages run No. 2 0  was disregarded. 
It will be noticed that the average rate of passing the 

gases through each type of furnace was practically constant. 
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Hence the only factor materially changed was the tempera- 
ture. It will be observed that as the temperature of the fur- 
nace was increased, the average yield was increased. This 
result was predicted early in the investigations. It was ex- 
pected, however, that the quantity of CZCl6 would increase 
more with the increase of temperature than actually proved 
to be the case. This seems to be an indication that the forma- 
tion of CzCle could be practically eliminated with a proper 
system of “quenching” of the products of decomposition. 

In Table IV, it will be noticed that the amounts of CC4  
recovered are higher than one would expect in view of the fact 
of increased temperature. A possible explanation may lie in 
the fact that in the runs tabulated in Tables I1 and 111, a small 
receiver was used for the distillate. In the runs 7-18, a large 
receiver (a Io-gallon carboy), was used. This provided an 
expansion chamber for the gases, thereby causing a drop in 
their velocity. Consequently, the CC1, vapors suspended in 
the chlorine stream had time to condense, instead of being 
carried rapidly out as was the case with the small receiver. 
In fact, one could observe small streams of condensed material 
flowing down the sides of the large receiver during the course 
of the run. Hence, more CC1, was recovered in runs 7-18 
than in runs 1-6. That is, the values for CC4 recovered in 
the first six runs are probably too low. In the runs 18-23 
the amount of CC4  recovered drops again. This result was 
to be expected, due to the higher temperatures employed in 
the furnace. It does not follow, however, that increase of 
temperature could be used indefinitely to improve the yield. 
Experience proved that a temperature can be reached at which 
CC1, seemed to. be completely dissociated into carbon and 
chlorine. In preparing for one of the later runs, the furnace 
was inadvertently heated for the space of an hour or so be- 
fore commencing the run. Accordingly when the vapors were 
started through, the furnace was at  a maximum heat. (Esti- 
mated at about I 500 O C) . Very dense clouds of chlorine were 
emitted from the delivery tube along with a cloud of very fine 
black dry dust which proved to be carbon. Within the space 
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of a minute so much carbon had collected that the delivery 
tube and the receiver were completely blocked up. During 
all this time not a trace of liquid distillate appeared, showing 
that there were no vapors able to be condensed at the tem- 
perature of the condenser. Had any cc14 or C2C14 been 
present the carbon would have been moist, or indeed would 
not have appeared at  all as it would have adhered to the sides 
of the condenser until it washed down sufficiently to clog the 
delivery tube with more or less sludgy material. This result 
seems to indicate that the best temperature for decomposi- 
tion must lie between 1300’ and 1500’. 

IV. In view of the fact that the formation of C2C16 is 
avoided with difficulty, the question arose as to whether or 
not it would be easier to make C2C16 and then reduce the hexa- 
chlor compound to tetrachlorethylene. It was decided to 
try some experiments on the reduction of CzC16. The follow- 
ing statements in the literature bear on the subject of reduc- 
tion of C2Cla: 

“If’ one brings this GC16 into a flask with granulated 
zinc and water and then adds H&04 from time to time so that 
there is always a moderate evolution of hydrogen taking 
place, there results after several hours’ action a complete re- 
duction of the same into C2C14. A lower temperature appears 
more favorable to the change and completes it more quickly, 
probably because the hydrogen evolution is less violent under 
these conditions.” 

“One allows the gas evolution to go on some time after 
only liquid C2C14 is present and then distills the product with 
steam. It is good for the purpose of a rapid reduction to 
use considerable zinc and to shake frequently. In this way 
the solid C2C16 may be kept between the single particles of 
zinc, for it is only where the zinc touches it that the removal 
of chlorine with the formation of HC1 appears to take place.” 

“Since the preparation in this way goes quite rapidly, 
neatly, and without loss, it is to be preferred to the other 
previously known methods; to the Faraday method, in which 

Geuther: Liebig‘s Ann., 107, 212 (1858). 
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the vapor of CzC16 is conducted several times for complete 
decomposition through a weakly glowing tube filled with 
pieces of porcelain to the Regnault method’ in which one 
decomposes it to the afore-mentioned CZCl4 with the help 
of KHS solution.” 

“It is very remarkable that the formation of CzCl4 results 
only by using H804 for the hydrogen liberation and not by 
using HC1.” 

The following work on the reduction of CzC16 was carried 

I .  Preparation of CzC16. 
2.  Reduction of CzC16 with zinc dust and HzS04. 
(I)  The residues had been saved which were left after 

the distillation of the products of decomposition obtained by 
the treatment of CC14 in the hot tube, as previously explained. 
The residues were of a dirty brown or black color, due no 
doubt to the carbonization of part of the material in the dis- 
tilling flask. These were now placed in an Erlenmeyer flask, 
which was laid on a wire gauze on a retort stand so that the 
mouth of the flask pointed downward. A second flask was 
placed with its mouth against that of the first flask and the 
joint was wrapped loosely with a roll of cloth. The flask with 
the residues was then gently heated. The CzC16 sublimed 
beautifully and the material being quite heavy, it flowed very 
rapidly into the second flask. The entire material on hand 
was sublimed three times in this manner and the resulting 
product was a snow white powder with a strong tarry odor. 

(2) IOO grams of CzC16 were placed in an Erlenmeyer to 
which was added 500 cc of water. The flask was closed with a 
two-holed rubber stopper in which were fitted a dropping funnel 
and a long glass tube which was intended to act as a return 
condenser. The flask was placed in a water bath at 20’ C. 
Concentrated HzS04 was now placed in the dropping funnel 
and was added to the contents of the flask a few drops at  a 
time. The flask was shaken constantly. A rapid evolution 
of hydrogen took place on the addition of the acid. In about 

QUt  : 

Regnault: Ann. Chim. Phys., [2] 71, 377 (1839). 
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three minutes after the first acid was added, the white crys- 
talline character of the CZCl6 had entirely disappeared and a 
rather heavy looking oil, clear and slightly tinged with yellow, 
appeared in its place. To all appearances the reduction seemed 
to be complete at this time. The addition of acid and the 
shaking of the flask were continued for about 15 minutes 
longer. The reduction flask was then connected with a steam 
generating flask and a condenser, and the products of the re- 
duction were steam distilled. The oil came over in the first 
IOO cc of distillate but the distillation was continued until 
about 500 cc of water had collected in the receiver. The oil 
was then separated from the water and was fractionated. 
The results of the experiment follow: 

Vol. distilled up to I 2 I O C . . . . . . . . . . . . . . . .  
Actual weight of distillate. . . . . . . . . . . . . . . . .  
Calculated weight (Vol. X 1.61) . . . . . . . . . . .  
Calculated yield for complete red’n . . . . . . . . .  
Percent reduction. . . . . . . . . . . . . . . . . . . . . . . .  
Weight of the residue.. . . . . . . . . . . . . . . . . . . .  
Percent not converted to CzC14. . . . . . . . . . . . .  
Weight of residue remaining liquid. . . . . . . . .  
Vol. of liquid.. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Approx. sp. gr. of liquid residue.. . . . . . . . . . .  

37 cc 
58 grams 
5 9 . 1 2  grams 
70 grams 
82.85 

7 . 5  grams 
7 . 5  
5 . 4  grams 
5 cc 
I .08 

The residue was considerably carbonized and remained 
for the most part liquid, a few crystals appearing here and 
there. The odor of the residue was at the same time strongly 
garlicy, and very biting and penetrating. 

This experiment seems to indicate that CZCl6 could be re- 
duced to CZCl4 with the greatest ease. 

A similar experiment to that just described was carried 
out with CC14 instead of CzC14. When the products of the 
reduction were fractionated, chloroform and CCl, were ob- 
tained. The reduction flask smelled quite strongly of CHC13, 
and in fractionating about IO cc of this product, boiling at  
60.65, were 0btained.l 

The results of the investigations may be summed up as 
follows : 

Cf. Regnault: LOC. cit. 
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I .  CCl, may be decomposed at a temperature as low as 
600' C to give CZC& and Cl,. 

2 .  Decomposition increases with the temperature, the 
maximum decomposition (to give C2Ch and Cb) being se- 
cured at  1300' to 1400~. 

3. The products of the decomposition must be cooled 
very rapidly to prevent the chlorine from reacting with CZC14 
to form the solid C2Cls. 

4. The decomposition of CC1, can be secured very rapidly 
in a quartz tube, and the condensation of the products of de- 
composition may be accomplished in an apparatus of iron, 
provided that the iron surfaces in contact with the chlorine 
be dry and comparatively cool (not above 150' C). 

5 .  The difficulty of joining quartz to iron, due to the 
brittle nature of the quartz and the difference in the coefficient 
of expansion of the quartz and iron, may be readily overcome 
by the use of a proper packing gland. 

6 .  The yield may be materially affected by the type of 
condenser employed. In order to eliminate losses due to 
uncondensed material being carried out with the chlorine a 
large amount of condensing surface must be available. 

7 .  It seems advisable to avoid too efficient decomposi- 
tion of CC4. Otherwise solid CZC& forms in the condenser, 
thus clogging up the apparatus. Excess CC14 dissolves out 
such solids and keeps the condenser tube open. 

8. CzCls can be reduced easily to C2C14. 
The following suggestions were made in regard to future 

work : 
(I) Arrange the assembly in a vertical position so that 

the flow of the distillate will wash down any solid that tends 
to form. In addition, the entire condensing surface tends to 
function, instead of the lower half of the condenser in the case 
of the horizontal assembly. 

( 2 )  Provide a condenser of such a capacity that there is a 
large expansion of the gases immediately upon their emergence 
from the furnace. This would tend: 
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(a) To lower the temperature of the gases and make 
more difficult the formation of C2C16. 

(b) To slow up the rate of flow of the gases and thus give 
the products more time to condense. 

(3) Pill the condenser with condenser coils to give a large 
condensing surface. 

(4) Equip the decomposition furnace with a thermo- 
couple so that the temperature of the reaction may be regis- 
tered continuously. 

(5 )  Introduce an inert gas, such as air or nitrogen, at 
room temperature, into the products of decomposition at  the 
point of their emergence from the furnace. This would tend: 

(a) To cool the gases rapidly. 
(b) To dilute the gases in such a manner that the concen- 

tration of C1 and CZCl4 conducive to a ready formation of 
C2Cle, is avoided. 


